This work aimed to study the features of Crioulo Lageano beef cattle and compare them with those of the Nellore, the main commercial breed of Brazil. Twelve cattle each of the Nellore and Crioulo Lageano were evaluated for carcass characteristics, muscle:carcass ratio and chemical composition of commercial cuts: topside, rum cap, eye round, sirloin, tenderloin and rib eye. In this study, the meat of Crioulo Lageano exhibited a higher marbling score than that of Nellore. Rib eye and sirloin cuts of Crioulo Lageano stood out due to their weight and intramuscular fat content. The following variables explained 69.4% of the characteristics of the Crioulo Lageano beef as determined by principal components analysis (PCA): hot carcass weight, hindquarter, forequarter, pistola, topside, rum cap, eye round, sirloin, tenderloin, rib eye and dressing. The muscle:carcass ratio and PCA values demonstrated the adaptability of the Crioulo Lageano cattle to the southern Santa Catarina Plateau.
Introduction
Brazil is the largest producer and second-largest exporter of beef in the world (MAPA, 2010) . According to IBGE (2009) , the country has about 199.7 million heads of cattle, 80% of which represent cattle of zebu origin (Bos indicus), with Nellore as the predominant breed. The Bos taurus are bred in the south of the country, and unlike Bos indicus cattle, these are characterized by tender meat with a high degree of marbling (Yokoo et al., 2008; Ferraz and Felicio, 2010) .
The Crioulo Lageano cattle breed (Bos taurus) is a naturalized Brazilian breed found in the south, with a flock concentrated in Lages / SC -Brazil. The adverse conditions of this terrain, along with cold winters and poor vegetation, have helped produce cattle that are perfectly adapted to the ecological conditions of this region. These cattle are resistant to diseases and parasites and are thus able to greatly contribute to breeding programs (Primo et al., 1992 , Rangel et al., 2004 . The importation of commercial breeds selected from temperate regions began in the early twentieth century. Although more productive, these breeds did not have adaptive traits such as resistance to ectoparasites found in native breeds. However, these commercial breeds gradually replaced the native breeds, to the point of the risk of extinction of the native breeds (Martins et al., 2009 . According to Lauvie et al. (2011) , rare breeds not only face conservation challenges but also represent developmental opportunities.
Although it is as a major player in the international beef market, Brazil should prepare for increased international competitiveness, mainly caused by the external market through subsidies and technological barriers (Euclides, 2004) . These barriers imposed on agricultural products by developed countries provide an opportunity for Brazil to consolidate itself in the beef export market competitively by offering differentiated products in terms of quality. In this scenario, the Crioulo Lageano beef is considered as a strong candidate to offer a product with high-quality features of its own.
In the characterization of beef, carcass characteristics, yields from commercial cuts and chemical composition are factors of great importance. Knowledge of the quantitative and qualitative characteristics of the carcass is fundamental frozen at −30℃. The samples were transported to the Biotechnology Laboratory, Federal University of Rio Grande. Before each test, the sections were thawed for 24 h at 3 ± 1℃, as indicated by Rubio et al. (2007) .
Chemical composition The different sections of the two breeds in question were characterized according to chemical composition by analyzing the following: moisture content at 105℃, protein content by determination of total nitrogen (Kjeldahl), with conversion by a factor of 6.25, and ash content (AOAC, 1995) . Intramuscular fat was extracted using a binary mixture of chloroform and methanol and quantified gravimetrically (Blig and Dyer, 1959) .
Statistical Analysis The results were evaluated by analysis of variance (ANOVA) and a principal component analysis (PCA) was performed to study the relationships between carcass characteristics for each breed. The data were analyzed with Software Statistica 7.0.
Results and Discussion
Carcass characteristics The results for the carcass characteristics between the breeds in study are presented in Table  1 .
Data analysis indicates no significant difference (p ≥ 0.05) among breeds with regard to live weight, hot carcass weight, hindquarter and tenderloin weight and subcutaneous fat. The largest differences were observed for the weights of the rib eye and sirloin cuts and carcass dressing and marbling. Orellana et al. (2009) characterized and compared the carcass characteristics and meat quality of the Crioulo Argentina and synthetic English Bradford breeds, both of which are to the meat industry, which aims to improve the potential quality of the final product (Oliveira et al., 2005; Albertí et al., 2005 , Orellana et al., 2009 Indurain et al., 2009; Lambe et al., 2010) . It can be said that the variations found in carcass composition are due to feed, sex, age and genetic group, as well as the interactions among these factors (Boleman et al., 1998; Oliveira, 2005) . The most important factors affecting the value of carcasses are the yield of commercial cuts and meat quality, which are related to the carcass fat content (Boleman et al., 1998) . Bovine carcass classification systems have two objectives: first, to estimate the yield of marketable meat and second, to determine its quality (Indurian et al., 2009) . According to this same work, among the different parameters that determine the quality of meat, marbling or intramuscular fat content has been an important factor because of its relationship with flavor, tenderness and juiciness.
Chemical composition influences the taste of meat and consumer acceptance (Jeremiah et al., 2003; Raes et al., 2003) . The chemical composition of meat provides important information because this food is rich in elements that are essential to health (Raes et al., 2003) . Therefore, the aim of this work was to study the beef from the Crioulo Lageano breed and compare it to Nellore, the main commercial breed of Brazil, in terms of the carcass characteristics, muscle:carcass ratio and chemical composition of six commercial cuts.
Material and Methods
Carcass evaluation Twenty-four cattle, castrated males between 30 and 36 months of age, were divided into two groups: Nellore (n = 12) and Crioulo Lageano (n = 12). The animals were fed on natural pastures consisting of fine straw supplemented with protein salt from fields in the city of Lages. After achieving a weight of approximately 420 kg, they were fed on annual winter pastures consisting of rye, oats and ryegrass supplemented with mineral salt. The Crioulo Lageano 74 days after being placed in pastures, and the Nellore were ready for slaughter 98 days after being placed in pastures.
The animals were slaughtered in a slaughterhouse in Lages. After slaughter, carcasses were kept in a cold room at 3 ± 1℃ for 24 h before the removal of cuts. The animals were evaluated for dressing, the hot carcass weight, and the weight of the hindquarter, forequarter and pistola. The subcutaneous fat over the longissimus dorsi muscle was measured using a caliper. The marbling of the loin eye area was visually evaluated using a 6-point scale (Judge et al., 1989) (1 = low to 6 = moderately abundant). The conformation was evaluated visually according to Felicio (2003) . After dressing carcass, the topside, rum cap, eye round, sirloin, tenderloin and rib eye cuts of each carcass were weighed, vacuum packaged and Regarding the evaluated cuts, Nellore cattle presented greater weights at (p ≤ 0.05) for the topside, rum cap and eye round cuts. The higher weight values for the topside, rum cap and eye round cuts of Nellore and higher values for the rib eye and sirloin cuts for Crioulo Lageano can be rationalized by the fact that the muscles are developed and differentiated for defined physiological purposes and in response to various intrinsic and extrinsic stimuli. The Crioulo Lageano cattle breed were animals that underwent a process of natural selection and were thus adapted to extreme environments and had acquired their own characteristics . According to these researchers, the adaptability and capabilities of cattle can be estimated by their ability to adapt to environmental conditions, such as climatic extremes, lower weight loss, reproductive efficiency and resistance to diseases. These adverse conditions manifested by cold winters and poor vegetation produce a kind of breed that is perfectly adapted to the ecological conditions of the region, appearing rustic and large in size (Primo, 1992) . Rib eye and sirloin cuts matched against the longissimus thoracis and longissimus dorsi, respectively, are located at the front of the pistol (Jeremiah et al., 2003) ; in more rustic animals, these muscles make the cattle suitable for use as traction animals because they are more developed. Table 2 shows the correlations between the total hot carcass weight of the forequarter and hindquarter weight of each section under study.
In evaluating the correlations for the Crioulo Lageano, a homogeneity in the values of Pearson correlation coefficients is found, demonstrating that over 88% of the weight variation of the cuts is due to carcass weight. This can be attributed to the adaptation of the breed to its living environment, resulting in well-defined morphological characteristics. However, for Nellore, in general, the correlations were lower than those recorded for Crioulo Lageano; in fact, the rum cap and rib eye cuts show that no more than 40% of the variation is explained by the weight of the carcass, indicating no difof Bos taurus origin and raised in Argentina. The results indicate differences between the breeds with respect to hot carcass weight, dressing, subcutaneous fat and marbling, with the Bradford breed presenting higher values for all of these characteristics. The lower dressing for Crioulo Argentina is related to its great rusticity and low weight gain. For this work, the fact that the difference in hot carcass weight was not verified and the difference in the dressing can be explained by considering the fact that the body composition is related to two important items: the carcass itself and noncarcass factors. The values of these factors, when calculated as functions of the weight of the living animal, reach yields that are directly affected by the weights of parts such as the carcass, head, leather, feet and gastro-intestinal tract. Oliveira (2005) reports that this may cause an animal to provide a high slaughter live weight, which in terms of dressing values indicates lower values than those of lighter animals. This reasoning may be applied to Crioulo Lageano cattle. Due to the great physiognomic variation found in the fields of the Southern Plateau, the Crioulo Lageano went through a process of natural selection (Rangel et al., 2004 , Martins et al., 2009 ). According to Martins et al. (2009) , this breed has a strong bone structure that may be associated with the vast expanses of the countryside, which is heavily undulated, in which the ancestors of these animals may have lived for centuries. Another striking feature of the Crioulo breed has thicker leather, which causes fewer problems with bruises and injuries caused by plant species prevalent in the coarser region and lower exposure to ectoparasites.
Commercial cuts The sales volume of special cuts has grown significantly in recent years. The advantages of this trade are obvious to the productive sector because they add value to the consumer product and guarantee the quality of purchased products (Anualpec, 2003) . In the marketing system prevailing in Brazil, the carcass quarters are separated into approximately 20 retail cuts (Luchiari, 2000) .
Characterization of Commercial Cuts from the Crioulo Lageano Beef Breed age of fat is required to minimize weight loss by evaporation. The authors relate subcutaneous fat with the tenderness of the meat through its role as an insulator to reduce the rate of cooling and shrinkage of muscle fibers by the cold, a phenomenon that occurs by rapid chilling. Alberti et al. (2005) report that in addition to preventing weight loss during freezing, subcutaneous fat preserves sensory qualities. Scollan et al. (2006) directly relate the marbling score with intramuscular fat content, claiming that it can provide benefits such as increased tenderness in meat. Furthermore, they report that beef tenderness can be identified according to the degree of marbling. The positive correlation between marbling and carcass fat means that high levels of intramuscular fat or marbling will produce undesirable effects because a high content of subcutaneous fat reduces the dressing of an animal. Fat tissue is more variable in the carcass, and excess fat tissue is a major contributor to low-quality cuts (Sherbeck et al., 1995) . However, the slaughter weight should match the maturity point of fat, which represents the optimum condition. It is difficult to determine exactly when this stage is reached in a living animal; however, the level of fat is the most important factor in making decisions concerning the market and slaughter of animals (Berg and Buterfield, 1976) . Chemical composition The chemical compositions of cuts from the Nellore and Crioulo Lageano breeds are presented in Table 3 .
For most of the cuts, significant differences were observed between the breeds. Among the components, the ash and protein contents showed the smallest differences between the two breeds. These results are consistent with those presented by Macedo et al. (2008) , who evaluated the the chemical composition of five different cuts of crossbreeds (Charolais vs Nellore); Macedo et al. reported minor variations between cuts with respect to the ash and protein components, though the latter showed no difference (p ≥ 0.05 ) between cuts. They also reported that the total protein content is somewhat variable in the beef and observed values around 20% of the composition in muscle regardless of diet, breed, genotype and physiological condition. Table 3 shows that the largest variations were observed in the moisture and lipid contents. This can be explained by the fact that the relationship between fat and moisture content must be inversely proportional, and this relationship is independent of other factors that affect body composition, such as breed, sex, age and diet (Padre et al., 2006) .
The intramuscular fat content is determined by the balance between absorption, synthesis and degradation of triacylglycerols. Therefore, many metabolic processes (metabolism of blood fat, fatty acid synthesis, mitochondrial activity) in adipocytes and myofibers may contribute to the variability ference between weight gain and the increase in weight of the cuts considered when this beef was bred under the conditions of the southern Brazil Plateau. Commercial cuts of high market value, such as those of the Crioulo Lageano breed, are of great importance to the beef market because the search for consumer products with unique characteristics is more intense today.
Marbling and subcutaneous fat The beef fat is presented as membrane fat, intermuscular fat, intramuscular fat and subcutaneous fat (Scollan et al., 2006; Lawrie, 2006) . The amount of marbling refers to the white streaks between bundles of muscle fibers (Scollan et al., 2006) .
The intramuscular fat is stored in an important area within intramuscular adipocytes. Marbling is an adipose tissue embedded within a matrix of connective tissue in the vicinity of a network of blood capillaries; therefore, the number and diameter of intramuscular adipocytes may be good indicators of marbling (Cianzo et al., 1985; Scollan et al., 2006) .
The results of the marbling score for Crioulo Lageano showed an average of 2.66 on a scale of 1 to 6. A higher rate of marbling is usually associated with higher meat quality and enhanced flavor and thus plays an important role at the time of purchase by the consumer (Chambaz et al., 2003; Purchas et al., 2005 , Scollan et al., 2006 . A relationship between subcutaneous fat and marbling can be observed in Figure 1 .
A higher subcutaneous fat and marbling score was observed for the Crioulo breed. According to Yokoo et al. (2008) , one of the problems with the zebu breed is its low propensity to deposit fat subcutaneously as adequate cover- served in the six commercial cuts are presented in Table 4 .
Analyzing this data from the point of view of the total fat and protein content provided by six cuts considered can be observed that the protein and fat contents of the Crioulo cuts are respectively 1.1 and 1.6 times higher than those recorded for Nelore cuts. It is important to be able to predict carcass fat content, both in terms of absolute weight and as a proportion of the carcass. These traits are important for economic efficiency of production, human health and in helping to reduce trimmed fat waste (Lambe et al., 2010) . Although of the six commercial cuts discussed only two from Crioulo Lageano showed higher values (rib eye and sirloin), when assessed by the percentage cut:carcass, all of these cuts show greater values, including the tenderloin cuts. By calculating the percentage ratio muscle:carcass, it is observed that for Nellore, the six cuts under study represent 7.4% of the total weight of the carcass, which is equivalent to 20.79 kg, while the six Crioulo Lageano cuts represent 9.0%, equivalent to 22.68 kg.
PCA is concerned with explaining the variance-covariance structure of a set of variables through a few linear combinations. The general objectives are data reduction and interpretation (Detefanis et al., 2000; Westad et al., 2003 , Park et al., 2011 . Table 5 shows the relevant characteristics in fat content. Muscles that have a large fat storage capacity are rich in mitochondria (Hocquette et al., 1998; Cuvelier et al., 2006) .
Crioulo Lageano cuts had significantly (p ≤ 0.05) higher percentages of fat and significantly (p ≤ 0.05) lower percentages of moisture compared to the Nellore cuts, except for the sirloin and tenderloin cuts where no significant differences were found for lipid level. Animals of Bos taurus origin are characterized by a higher percentage of intramuscular fat than animals of Bos indicus origin (Nelore) (Yokoo et al. 2008; Ferraz and Felicio, 2010) . In studying the longissimus dorsi muscle of the Crioula Argentina and Bradford breeds, Orellana et al. (2009) found no significant differences in fat content.
Among the cuts of Crioulo Lageano, the sirloin and rib eye cuts had higher percentages of intramuscular fat. According to Ferraz and Felicio (2010) , a higher content of fat deposited in the Longissimus dorsi (sirloin) and longissimus thoracis (rib eye) is considered a quality factor. According to international standards of meat quality, the amount of intramuscular fat or marbling deposited in Longissimus is the major determinant of the value of a carcass and an indicator of prominence in flavor.
The muscle:carcass ratio, the protein and fat contents ob- the results of which agree with the relationship between these two variables, shown in Figure 1 . The conformation was not an important variable in explaining the Crioulo Lageano carcass, while the fat content and marbling appeared to be relevant. These results are consistent with those reported by Albertí et al. (2005) , who found significant, though negative, correlations between conformation and subcutaneous fat in the carcasses of rustic Spanish cattle breeds. According to the study, conformation is an important feature in the variation between breed carcasses because their values are correlated with muscle development and carcass compactness. The conformation is an important variable for PCA 2 in the Nellore breed.
Conclusion
The results made it possible to characterize Crioulo Lageano beef from six commercial cuts. One can conclude that the sirloin and rib eye muscles stood out due to their weight and content of intramuscular fat. Through principal components analysis, it was determined that the variables hot carcass, hindquarter, forequarter, pistola, topside, rum cap, eye round, sirloin, tenderloin, rib eye and dressing accounted for 69.4% of the variation in the carcass characteristics of Crioulo Lageano. The muscle:carcass relationship revealed the adaptability of Crioulo Lageano breed to the Santa Catarina plateau in southern Brazil.
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The PCA results for the carcass characteristics of Nellore reveal three distinct PCA with variances of 50.1%, 15.7% and 10.4% respectively. PCA 1 consists of the following principal component weights: hot carcass, hindquarter, forequarter, pistola, topside, eye round, sirloin and tenderloin cuts. These variables account for 50.1% of the characterization of the Nellore bovine carcass when raised under the conditions of the southern Brazil terrain. PCA 2, which represents 15.7% of the carcass traits of the Nellore breed, consists of the following main components: live weight, rib eye weight and the variables dressing, subcutaneous fat, marbling and conformation.
Three distinct PCA were revealed for the carcass characteristics of the Crioulo Lageano, with variances of 69.4%, 10.8% and 8.7% respectively. PCA 1 has as its main components the hot carcass weight, hindquarter, forequarter, pistola, topside, rum cap, eye round, sirloin, tenderloin, rib eye and dressing. PCA 1 accounted for 69.4% of the characterization of the carcasses of the Crioula Lageana breed, and its variables agree with the results of correlations between the commercial cuts and total hot carcass weight of the forequarter and hindquarter, confirming the strong relationship between the weights of the cuts and the hot carcass weight. Thus, well-defined morphological characteristics of beef are noted for cattle raised under the conditions of the southern Brazil Plateau. PCA 2 is defined by subcutaneous fat and marbling, M.l. Mitterer-Daltoé et al. 
